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Executive Summary 
ACCIDENT AND ECONOMIC ANALYSES OF 
CONTROL ACCESS ON SEVERAL BYPASSES 
by 
K. R. Agent 
In an effort to relieve congestion on urban streets, bypasses have been built to provide through 
traffic a route by which the downtown areas can be avoided. 
In many cases, though, bypasses have created a serious accident potential because they were built 
with at-grade intersections and no access control. This leads to commercial developments along the bypass 
and congestion at major intersections. Bypasses were constructed in this manner because of the high 
initial cost involved in building a bypass with access control and grade-separated interchanges. There 
is, therefore, a need to determine if the accident cost savings, along with time and operating cost savings, 
of a bypass with access control and interchanges would have justified the higher initial cost. 
ln this study, accident reports were obtained for several bypasses across the state and then analyzed 
to determine if they could have been prevented with the above mentioned controls. An accident was 
classified as "correctable" if it could have been prevented. Accident cost savings were then calculated 
using National Safety Council figures. Time and operating costs incurred by the motoring public as a 
result of stopping and returning to initial speed at the at-grade intersections, and conversely the benefits 
gained by building interchanges, were then calculated using tables which were based or{ traffic volumes 
and approach speeds at the intersections. Finally, using a study period of 20 years and a 
uniform-percentage-gradient series present-worth factor, the present worth of accident savings and time 
and operating cost savings were calculated. By comparing this savings with the initial cost of the 
construction of interchanges, benefit-cost ratios were calculated. 
Of 518 accidents on the subject bypasses during the study period, 397 (76.6 percent) were classified 
as correctable. Of a total of 271 injuries, 234 (86.3 percent) were the result of correctable accidents: 
of the 14 fatalities, 12 (85.7 percent) were the result of correctable accidents. It was also shown 
that approximately 70 percent of the accidents occurred at at-grade intersections, indicating these 
intersections have created the most serious accident potential. Some accidents, of course, would occur 
by other means if interchanges had been built. However, the total number of accidents and their severity 
would be greatly reduced. 
It was shown that injury accidents would be reduced more than property damage accidents because 
the right-angle accident had the greatest accident severity, and it is also the type of accident that would 
be the most correctable. With at-grade intersections, the only solution to the right-angle problem is the 
addition of traffic signals. While the traffic signal will reduce the number of right-angle collisions, the 
number of rear-end accidents and possibly the total number of accidents will increase, and time and 
operating costs will also increase. 
The critical element was to determine whether the reduction in accident, time and operating costs 
would justify the higher initial expense involved in building bypasses with interchanges and access control. 
Of 35 major intersections investigated, 16 had benefit-cost ratios greater than one. Of the 19 which 
had a benefit-cost ratio less than one, nine were classified as a hazardous location by virtue of their 
accident experience. Generally, signalized intersections had higher benefit-cost ratios because of the high 
volume of traffic required to stop. While accident costs clearly had an effect on the benefit-cost ratio, 
it was apparent that the time cost and operating cost were the more significant factors in a majority 
of cases. 
It was shown in most cases that it would be warranted and economically justifiable to build an 
interchange at an intersection where a relatively high volume of traffic would be required to stop or 
where a hazardous location could be eliminated. The primary function of bypasses is the safe and efficient 
movement of traffic, rather than providing access to abutting property. This should be a primary 
consideration of road designers and plarmers. 
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INTRODUCTION 
In an effort to reduce traffic in central business 
districts, bypasses have been built to provide through 
traffic a circumferential route and also to ease the 
burden of traffic in downtown areas. Depending on its 
proximity to the city, the bypass could also provide a 
better means for the residents to move from one point 
to another in the city. In many cases, though, bypasses 
have created a serious accident potential because they 
were built with at-grade intersections and no access 
control (I). They have led to commercial developments 
along the bypasses and congestion at major intersections. 
When congestion increases at an intersection, traffic 
signals must be installed; this increases vehicle operating 
time costs and creates a rear~end collision potential. In 
some cases, the bypass circumvents a relatively small 
town where congestion is not an immediate problem, 
but there is still an accident problem at the at-grade 
intersections. Bypasses have been built in this manner 
because of the high initial cost of access control and 
grade-separated interchanges (2). Retrospective analyses 
of several bypasses were undertaken to determine if 
accident cost savings along with time and operating cost 
savings would have justified higher initial costs of access 
control and interchanges. Such analyses may serve to 
justify needed improvements and to guide design 
decisions on future facilities. 
Previous studies have shown that if access control 
and/or if grade separation will ever be warranted, all 
of the required right of way should be included in the 
original land aquisition (I). If the decision is not made 
early, commercial development will occur and the 
facility will become obsolete when it may be most 
needed. Attempts to correct highway deficiencies by 
widening or adding frontage roads are impractical 
because of the high dollar value of the roadside owned 
by the very businesses which created the congestion. The 
only recourse is to bypass the bypass. 
The high initial cost of an interchange limits its 
use to those locations where the required expenditure 
can be justified. The conditions to be considered in 
reaching a rational decision are the applicable warrants 
(3): 
I. a freeway development, 
2. elimination of bottlenecks or spot congestion, 
3. elimination of hazards, 
4. site topography, 
5. road-user benefits, and 
6. traffic volume warrant. 
On urban bypasses, Warrants 2, 3, 5 and 6 could 
be considered applicable in most cases. This study will 
be concerned only with Warrants 3 and 5. 
Several of the bypasses studied are near relatively 
small communities, and the area adjacent to the bypass 
has not been developed. Nevertheless, these bypasses still 
have several at-grade intersections which create an 
accident potential. By noting accidents on bypasses with 
the most development, a plan of development might be 
formulated for the small city bypasses which would 
offer a safer route for the motorist. 
When considering highway improvements, it is 
essential to view the investment as a business enterprise 
in which the economic costs of highways are matched 
by future economic benefits to the state, the community 
and the individual user. Since the motor vehicle itself 
accounts for about 88 percent of the total cost of 
highway transportation, with highway construction 
accounting for the remaining 12 percent, the highway 
designer must consider the effects of highway design on 
the running cost of motor vehicles ( 4 ). The principal 
benefits of highway improvements accrue to those who 
travel the highway. These benefits reach the road user 
primarily through the operating cost of motor vehicles, 
reduction in highway accidents, and reduction in travel 
time. Such market factors are those on which a dollar 
value can be placed. There are also the nomnarket 
consequences of personal preference of comfort and 
convenience. 
When, for any reason, a motor vehicle comes to 
a stop and then resumes speed, extra fuel and oil are 
consumed, brakes and tires experience greater wear, and 
maintenance costs increase. Costs per stop vary with the 
speed from which the stop is made, with vehicle type 
and characteristics, and with driver characteristics. Costs 
of stopping and returning to initial speed has been 
determined as a function of initial speed and vehicle 
type (5). 
Estimation of accident costs is necessary if benefits 
from highway improvements are to be calculated (6). 
The National Safety Council makes annual estimates of 
individual components of motor vehicle accident costs 
for the nation as a whole. Unit cost figures for a fatality 
and a nonfatal injury are composed of wage cost, 
medical expense, property damage, and insurance 
overhead; unit costs of a property damage accident 
consists only of the last two components (7 ). 
Road improvements which eliminate stops result in 
reduced travel time. For trucks, buses, and other 
commercial vehicles, this means savings in wages of 
drivers and helpers, or more work accomplished in a 
day. There is general agreement that these market 
consequences should be included in computing benefits 
of road improvements. Time savings for passenger cars 
presents a problem in that time saved here will not 
altogether produce goods or services and, therefore, will 
have little economic value as measured by market 
standards. These time costs are included, but at 
relatively low values compared to commercial vehicles. 
Passenger car drivers do put a value on time, as many 
are willing to pay tolls to save time, even though they 
may incur greater vehicle operating costs by driving 
longer distances (6, 8). 
Origin and destination surveys have shown that 
many drivers choose routes along freeways and 
expressways in preference to those along conventional 
highways or streets, even though overall distances are 
longer and travel times greater. Also, many drivers are 
willing to use toll roads even though they can reach 
their destinations with less travel and with little time 
difference on a free, but more congested, route. Thus, 
there is substantial evidence that drivers place a 
monetary value on the comfort and convenience 
provided by modern highway facilities (6). In this 
report, no monetary value was assigned to this aspect 
because the values used would be too arbitrary. 
PROCEDURES 
Accident Analysis 
Accident reports were obtained from city, county, 
and state police for a period of 18 months (January 
I, 1970 -· June 30, 1971). Data obtained from these 
reports were then summarized, including such items as 
total number of each type of accident, number of 
accidents during different weather conditions, and 
number of accidents during the day or night. 
Collision diagrams (9) for the subject locations 
were drawn on aerial photographs to give an overall view 
of the most serious accident locations. A separate 
collision diagram was drawn for each intersection which 
had a significant number of accidents. From accident 
reports and traffic volume data, accident rates were 
calculated and compared to the national average 
accident rate for the corresponding type of facility. A 
determination was made as to whether each accident 
could have been prevented if the bypass provided access 
control or interchanges. If the accident could have been 
prevented with the above mentioned controls, then the 
accident was classified as "correctable". If not, the 
accident was classified as "not correctable". 
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Accident data were also studied to determine what 
immediate changes might be considered to reduce 
accident rates. Recommendations considered were such 
improvements as the addition of a left-turn phase at a 
traffic signal or a left-turn lane. 
Subtracting correctable accidents from the total 
flumber of accidents, a new accident rate was calculated 
for each bypass, and this rate was compared to the 
appropriate national accident rate for a road with full 
control of access. Average national accident rates used 
are given in Table I (4). 
TABLE 1 
NATIONAL AVERAGE TRAFF1C ACCIDENT RATES (4) 
AREA AND DEGREE 
OF ACCESS CONTROL 
Urban 
Full access control 
Partial access control 
No control 
Suburban 
Full access control 
Partial access control 
No control 
Rural 
Full access control 
Partial access control 
No control 
ACCIDENT RATE PER 
100 MILUON VEHICLE MILES 
186 
496 
526 
137 
340 
485 
lSI 
211 
332 
The accident summary and analysis for each bypass 
and the collision diagrams for the major intersections 
which had an accident problem are found in the 
appropriate appendix. 
Cost Analysis 
Calculation of costs resulting from the lack of 
access control or interchanges can be divided into two 
parts. First, the total cost of the accidents, and 
conversely the benefits gained by preventing the 
"correctable11 traffic accidents, were calculated using 
National Safety Council figures ( 10 ). Accident cost 
figures used herein were as follows: 
Fatality 45,000 
Non-fatal injury 2,700 
Property damage accident 400 
Accident costs for the 18-month study period were then 
converted to a 12-month period to simplify further 
analysis. The second part of the cost analysis was the 
calculation of time and operating costs incurred by the 
motoring public as a result of stopping and returning 
to initial speed at the at-grade intersections, and 
conversely the benefits gained by building interchanges. 
This was done by using cost data in Table 2 and Table 
3 ( 5). With these cost data, traffic volumes, and assumed 
speeds at the locations, calculations were made for a 
one-year period. 
Finally, using a study period of 20 years and a 
uniform-percentage-gradient-series present-worth factor, 
the present worth of accident savings and time and 
operating cost savings were calculated. The 
present-worth factor ( 11) is calculated from 
in which N = number of years under 
consideration, 
interest rate, and 
= percent traffic volume increase 
from year to year. 
The interest rate used herein was seven percent, because 
research findings have agreed that a relatively high 
interest rate gives more reliable estimates ( 12, 13 ). 
Selection of a higher interest rate discounts 
developments in the more distant future when 
uncertainties of prediction are greatest. The annual 
percentage increase in traffic volume G) chosen was 3 
1/2 percent. Traffic volumes over the past years had 
tended to increase geometrically (expotentially) more so 
than linearly (straight line). Traffic data indicates that 
3 I /2 percent is an accurate estimate of the average 
annual increase for the state of Kentucky. Likewise, a 
constant percentage increase in volume is also applicable 
to the accident costs and the time and operating costs. 
As volume increases, so will the accident cost as shown 
in Figure I (14). Also, since. cost values in Tables 2 
and 3 are given in dollars per 1000 stops, it is clear 
that volume is directly related to time and operating 
costs. 
INITIAL 
SPEED 
IS 
20 
25 
30 
35 
40 
45 
so 
55 
60 
TABLE 2 
ADDITIONAL TIME COST OF STOPPING 
AND RETURNING TO INITIAL SPEED (51 
COST (DOLLARS PER 1000 STOPS) 
PASSENGER CARS COMMERCIAL VEHICLES 
4.76 9.50 
5.71 12.60 
6.69 15.86 
7.74 19.27 
8.86 22.94 
10.05 26.97 
11.41 31.50 
13.13 36.87 
15.44 43.78 
18.73 53.64 
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Figure I. Accident Costs on Highways with No 
Control of Access and with Access 
ControUed (Based on 1955 Accidents 
and Volumes) (14). 
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TABLE 3 
ADDITIONAL OPERATING COST OF STOPPING 
AND RETURNING TO INITIAL SPEED (5) 
COST (DOLLARS PER 1000 STOPS) 
PASSENGER CARS COMMERCIAL VEHICLES 
3.26 9.30 
4.95 14.15 
6.96 20.11 
9.36 27.39 
12.24 36.26 
15.76 47.12 
19.99 60.12 
25.15 76.06 
31.43 94.91 
39.09 117.44 
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Using the present worth of the combined benefits 
and the initial cost of construction, as well as the present 
worth of the increase in maintenance costs of a 
controlled access highway, a benefit-cost ratio was 
calculated. A one-year value for the accident cost, time 
cost, and operating cost was calculated. Ten percent of 
the total volume was assumed to be commercial vehicles. 
Volume data were obtained from the Division of 
Planning. Some intersecting streets did not have recent 
traffic counts, so a few volumes were assumed. When 
a volume had to be assumed, it was kept low so it would 
not improperly affect the benefit-cost ratio. Also, the 
percentage of the total volume which was stopped at 
the traffic signals had to be assumed, using other 
references (1 5 ). This percentage was also kept low but 
reasonably realistic. In summary, an effort was made 
to keep all assumed volumes low but realistic so as to 
not overestimate the time and operating benefits and 
unduly affect the benefit-cost ratio. 
The accident cost, time cost, and operating cost 
were summed and multiplied by ~ 
uniform-percentage-gradient-series present worth factor 
of 13.88 to obtain the present worth of these values 
over the study period of 20 years. A seven-percent 
interest rate and a 3 1/2 percent traffic growth per year 
were assumed. By dividing this amount by the length 
(in miles) of the bypass, a value of benefits per mile 
was obtained. This value could then be compared to 
the additional cost per mile of an access controlled 
facility to obtain a benefit-cost ratio (16 ). To determine 
an approximate figure for the additional cost of access 
control, reference was made to a Departmental report 
in which cost estimates per mile for various types of 
roads were compiled (17). Using Tables 4, 5, and 6, 
cost estimates can be obtained for the addition of access 
control to a bypass. Costs given in Table 4 for urbanized 
areas were used in the cost analysis for bypasses at 
Versailles, Ricinnond, and Somerset. Several bypasses 
were located in a rural environment, which dictated use 
of Table 5. The cost difference per mile for addition 
of full access control in this table was found to be 
uruealistically low, which would bias the benefit-cost 
ratio. Therefore, these data were not used. The fact that 
intersection spacing would be closer on a bypass than 
on an average rural road would probably explain the 
low values of Table 5. 
For all subject bypasses, benefit-cost ratios were 
calculated for each of the major intersections. This was 
done by comparing the present worth of benefits over 
the study period of 20 years at each intersection with 
the cost of building an interchange. The approximate 
cost of a simple diamond interchange was found to be 
$800,000. This cost was calculated by approximating 
the cost of the structure at $200,000, the cost of the 
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four ramps at $500,000, and the cost of reconstructing 
the crossroad at $100,000. This figure was used in all 
calculations unless otherwise noted. 
It should be noted that the calculated benefit-cost 
ratios are not precise values because certain assumptions 
had to be made. Speeds were assumed using field 
observations of the traffic stream and the speed limits. 
Certain volumes had to be assumed, but assumed values 
were kept low so as to not unduly affect the benefit-cost 
ratio. Volumes stopped at traffic signals also had to be 
assumed. Since the time and operating costs of waiting 
for the signal to change was not considered, time costs 
and operating costs should not be unrealistically high. 
Only the time and operating cost of stopping and 
returning to initial speed were considered. Finally, it 
should be noted that construction cost of an interchange 
as well as costs per mile obtained from Table 4 were 
only average costs, and the cost would actually vary 
from location to location. Even with these limitations, 
results obtained should provide a reasonable 
representation of the true situation. 
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URBAN COSTS PER MILE ( 17) 
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RURAL COSTS PER MILE ( 17) 
(COSTS IN $1,000) 
DESIGN STANDARD 2 DESIGN STANDARD 3 
NEW LOCATION RECONSTRUCTION NEW LOCATION RECONSTRUCTION 
2 LANES 4 LANES 6 LANES 2 LANES 4 LANES 6 LANES 2 LANES 4 LANES 6 LANES 2 LANES 4 LANES 6 LANES 
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45 
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117 
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1383 
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TABLE 6 
AVERAGE ANNUAL PER-MILE MAINTENANCE COST ESTIMATE 
FOR STATE OF KENTUCKY (17) 
Rural Study Systems 
Roadway and Principal Minor 
Surface Types 1/, 'lJ & ll Arterials Arterials Collectors Locals 
::::>-<: ----< ><::: 6 or more lanes - fwy 7,700 ~- . 
>< ><:: --::><: 4 lanes - f<.'Y 4,900 
Other multilane 5,200 4,700 4,200 -::::><::_ 
2 lanes 1/ 3 200 2 900 2 100 1. 300 
2 lanes '];/ 3,200 2,900 2,600 1,400 
2 lanes ]../ 3,500 3,200 3,000 2,100 -- >< Gravel & graded & drained __><:.._ 2 700 ?. 700 
Urban 3tudy System& 
.Freeways Other Minor 
Roadway and and Principal Arterial Collector 
Surface Types l/, ll & ll Expressways Arterials Streets Streets 
6 or u10re lanes - fwy 19,300 :::>-< -~ ---- ..----- ---><-- >< -==-~ 4 lanes - twy & exp 14 800 - -
Other multilane ~ 9 900 9 400 8,300 
2 lanes !/ >< 6,300 5,800 4,800 
2 lanes l/ :>< 6 800 6 400 5',300 
2 lanes ll --:><: 7 200 6 700 5,600 
l/ High Type ~Not Applicable 
~/ Intermediate Type 
11 Low Ty~e. For surface type definitions see Table III-14. 
Local 
Streets 
><: -- ---- ---3,100 
2,600 
2,700 
2,800 
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RESULTS 
There was a total of 518 accidents on the subject 
bypasses during the study period (see Table 7). Of these 
518 accidents, 373 were property damage, and the 
remaining 145 were personal injury accidents which 
resulted in a total of 271 injuries, including 14 fatalities. 
A total of 397 of the accidents (76.6 percent) were 
classified as "correctable". Further study of the 
accidents showed that 278 (74.5 percent) of the 
property damage accidents were classified as correctable, 
and 119 (82.1 percent) of the personal injury accidents 
were classified as correctable. 
Of the total of 271 injuries, 234 (86.3 percent) 
were the result of correctable accidents; of the 14 
fatalities, 12 (85.7 percent) were the result of 
correctable accidents. 
The same types of accidents were predominant on 
all of the bypasses. The most prominant type of accident 
was the right-angle collision, followed closely by the 
rear-end and the oblique or sideswipe types. The 
right-angle collision would logically be the type most 
affected by changes which are under study; and since 
it is also the most predominant type of accident, this 
explains why such a large percentage of the accidents 
were classified as correctable. There was also a large 
number of correctable rear-end accidents, particularly 
those resulting from traffic signals as well as from 
left-turning vehicles. There were also many correctable 
oblique or sideswipe accidents which resulted from the 
same circumstances, as well as fro~ vehicles turning 
from the wrong lane. 
It was found that the percentage of correctable 
injuries was greater than the percentage of correctable 
accidents, indicating the "correctable" accidents were 
more severe than the "not correctable" accidents. An 
explanation is that the right-angle collision had the 
highest severity rate of any type of accident, and at 
the same time, this type of accident was the most 
correctable. 
Most of the accidents occurred at major at-grade 
illtersections. Excluding the accidents at Eddyville, 
which were obtained at only one intersection, 348 of 
498 accidents (70 percent) occurred at the at-grade 
intersections. Several bypasses were in rural areas, but 
even on a bypass in an urbanized area, such as Somerset, 
a majority of the accidents occurred at the at-grade 
intersections. On some of the bypasses, virtually all 
correctable accidents occurred at the major at-grade 
intersections. Of the 348 accidents which occurred at 
an intersection, 299 (88 percent) were classified as 
correctable while of the 150 accidents which did not 
occur at a major intersection, only 80 (53 percent) were 
classified as correctable. Most accidents occurred at 
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major intersections; an even greater percentage of 
correctable accidents occurred at these intersections. 
Thus, intersections provide the best potential for 
improvement. 
The benefit-cost ratios were greater than one for 
all three of the bypasses which were located in an urban 
enviromnent and for which an appropriate cost analysis 
could be made. These were the bypasses at Versailles, 
Richmond, and Somerset. Considering all bypasses, there 
were a total of 35 major intersections for which there 
was sufficient data to calculate a benefit-cost ratio. Of 
these 35 intersections, 16 had benefit-cost ratios greater 
than one. Of the 19 which had a benefit-cost ratio less 
than one, three had ratios which were !elatively high 
in that they were above 0.80. Also, nine intersections 
with a benefit-cost ratio less than one were classified 
as hazardous locations. It should also be noted that, of 
eleven signalized intersections investigated, nine had 
benefit-cost ratios greater than one; the remaining two 
had ratios of 0.81 and 0.83. 
A total of 121 accidents (23.4 percent) were 
classified as "not correctable." These accidents were 
primarily the result of the driver losing control of his 
vehicle because of such causes as inattention, inclement 
weather conditions, or speeding. There were also several 
accidents involving the driver's ability being impaired 
because of drinking. Other causes of these accidents 
were improper passing, improper turning, etc. 
It is interesting to note the comparisons of 
calculated accident rates of the bypasses with the 
national averages. At four of the bypasses, the actual 
accident rate was above the corresponding national 
average, while the projected accident rate for the bypass 
obtained by omitting the correctable accidents was 
below the corresponding national rate for a fully 
controlled access facility. This discrepancy can be 
explained by realizing that some of the "correctable" 
accidents would occur as other types if an interchange 
were built. At the remainder of the bypasses, the present 
and projected accident rates were both above or both 
below the appropriate national rates. 
TABLE 7 
ACCIDENT SUMMARY FOR ALL BYPASSES 
TOTAL NUMBER OF ACCIDENTS 518 
TYPE OF ACCIDENT WEATHER CONDITIONS 
R~ar End 129 Clear 333 
Right Angle 176 Raining 72 
Oblique or Sideswipe 131 Snowing 20 
Fixed Object 17 Fog 4 
Single Vehicle 39 Cloudy 14 
Head On 10 Unknown 75 
Multiple Rear End II 
Other 5 
SERIOUSNESS OF INJURY 
CONTRIBUTING CIRCUMSTANCES A 97 
B 58 
Drinking 24 c 67 
Speeding 17 K 14 
Failed to Yield Right of Way 320 u 35 
Ran Stop Sign 10 0 373 
Disregard Traffic Signal 26 
Followed Too Closely 29 
Improper Passing 12 CORRECT ABLE ACCIDENTS 397 
Improper Turn 9 
Inattentive 213 Property Damage 278 
Failed to Signal 4 Injury Producing ll9 
Other 23 A 87 
B 47 
c 59 
ROAD SURFACE CONDITION K 12 
u 29 
Dry 364 
Wet 104 
Snowy or. Icy 39 INJURY CODE 
Unknown ll 
0 . Non injury accident 
K . Fatal 
LIGHT CONDITIONS A . Visible signs of injury, as bleeding, distorted 
354 
member, or had to be carried from the scene 
Daylight of the accident 
Dawn or Dusk 24 B . Other visible injury, as bruises, abrasions, 
Darkness (Highway not lighted) 46 swelling, limping, etc. 
Darkness (Highway lighted) 83 c . No visible injury, but complaint of pain or 
Unknown ll momentary unconsciousness 
u . Injury whose extent is not known 
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DISCUSSION AND RECOMMENDATIONS 
The following is a summary of possible 
improvements, exclusive of access control measures, 
which might be made on the subject bypasses in an 
effort to reduce accident potential: 
I. At Versailles, hnproved lighting of the Douglas 
Avenue - Big Sink Road intersection with the 
bypass. 
2. At Richmond, addition of left-turn storage 
lanes at intersections with Porter Drive, St. 
George Street, and the Service Road. 
3. At Glasgow, a left-turn phase for bypass 
traffic at Happy Valley Road. 
4. At Paintsville, a left-turn storage lane added 
at the Johnson Central High School entrance. 
5. At Lawrenceburg, left-turn storage lanes 
added at the US 62, KY 44, and US 127 north 
business intersections. 
6. At Versailles, additional lane-assignment signs 
(in advance of present signs) for bypass traffic 
approaching the intersection of Lexington 
Road. 
7. At Somerset, increased size of green and 
amber lens to 12-inches at all intersections for 
all directions. 
As can be seen by the preceding list of 
improvements, there is not much that has not already 
been done in an effort to reduce the accident potential. 
Existing signs, signals, and markings are performing their 
intended purposes well. The principal improvement 
concerned the addition of left-turn lanes at several 
locations to reduce rear-end accidents involving 
left-turning vehicles. 
It is apparent that even with the best possible 
controls on these bypasses, numerous accidents will 
continue to occur. The only other solution to a majority 
of the accidents is the addition of interchanges. It was 
shown that slightly over three quarters of the accidents 
could be prevented with the addition of interchanges 
and access control. Since a majority of the accidents 
occurred at the atcgrade intersections, these intersections 
have created the most serious accident potential. Some 
accidents, of course, would take place by other means 
when interchanges were built. However, the total 
number of accidents and their severity would be greatly 
reduced. 
It was shown that injury accidents would be 
reduced more than property damage accidents because 
the right-angle accident had the greatest accident 
severity as well as being the type of accident that would 
be the most "correctable". With at-grade intersections, 
the only solution to the right-angle accident problem 
is the addition of traffic signals. While the traffic signal 
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will reduce the number of right-angle collisions, the 
number of rear-end accidents and possibly the total 
number of accidents will increase, and time and 
operating costs will also increase. 
It can be concluded from the preceding discussion 
that, with the addition of access control and 
interchanges, the accident rate of the subject bypasses 
would be reduced significantly. This was not a surprising 
result since previous studies have shown that access 
control has a powerful accident reduction effect {18, 
19). It can also be concluded that accidents most 
frequently occurred at intersectiohs; this agrees with 
findings by others ( 19 ). 
The critical element is to determine whether the 
reduction in accident costs, along with the reduction 
in time and operating costs, justifies the higher initial 
expense involved in building bypasses with interchanges 
and access control. From the study results, it can be 
seen that slightly under one half of the major 
intersections studied had benefit-cost ratios greater than 
one. While accident costs clearly had an effect on the 
benefit-cost ratio, it was apparent that time and 
operating costs were the more significant factors in a 
majority of cases. An illustration of this is the four-way 
stop intersections on the Danville bypass which had 
benefit-cost ratios greater than one because of high thne 
and operating costs and despite the fact there was no 
accident cost. Generally, signalized intersections had the 
highest benefit-cost ratio; this was primarily due to the 
larger volume of traffic which was required to stop. To 
justify a traffic signal, volume warrants must be met. 
This explains the higher volumes of traffic found at 
these intersections. It is also interesting to note that "T 
intersections" generally had small benefit-cost ratios. 
The smaller number of vehicles required to stop caused 
these small benefit-cost ratios as well as the fact that 
in most cases there were fewer accidents at those 
locations. The smaller number of conflict points could 
explain the lower number of accidents. 
When the benefit-cost ratio is coupled with the 
realization that a serious hazard could be eliminated, 
a strong argument can be made in favor of constructing 
interchanges at a majority of the major intersections on 
the bypasses studied. In planning a new facility, both 
the future traffic volumes and the accident potential 
should be considered. If the traffic volume at an 
intersection is anticipated to be high, the argument for 
an interchange is strong. If Jhe predicted future volume 
is high enough to indicate that the intersection will 
require signals, the argument in favor of an interchange 
is very strong. Also, if the intersection is going to create 
a safety hazard, the argument is strong in favor of an 
interchange. Examples of a created safety hazard would 
be building an intersection having restricted sight 
distance, or constructing an atagrade intersection of a 
crossroad which has a relatively high volume of traffic 
with a high volume and high speed mainline facility. 
An illustrative example is the installation of an 
intersection control beacon at an intersection when a 
new facility is first opened. This indicates that the 
intersection has the potential of becoming a high 
accident location and that the beacon was installed as 
an accident deterrent. 
Benefit-cost ratios which were calculated for the 
entire length of an urban bypass were all greater than 
one. The only bypass that had heavily developed 
adjacent land and no form of access control was the 
portion of the Somerset bypass within the city limits. 
The benefit-cost ratio for this bypass was greater than 
one. There was also a small portion of the Paintsville 
bypass which had similar development, and the number 
of accidents which occurred there illustrated the created 
problem. The remainder of the bypasses either had 
partial control of access or were in a rural environment 
where access control with the adjacent land was not a 
problem at this time. There are a number of bypasses 
built with partial control of access and at-grade 
intersections, but this study indicated that this does not 
solve the major problem -- the at-grade intersection. This 
is supported by data shown in Figure 2 which shows 
that partial control of access does not solve the accident 
problem (20 ). 
It must be remembered that access control of the 
adjacent land is very important if the road is to perform 
its intended function in the future. The effect of access 
control on the capacity of the road is important in that 
lack of access control decreases future capacity of the 
road as well as the operating speed (21, 22). In urban 
driving on non-access controlled highways and streets, 
stops can easily reduce average speeds 10 to 40 percent, 
decrease miles per gallon of fuel by 50 percent, and 
double running costs (4). Elimination of direct access 
to the adjoining properties has been a strong argument 
against access control, but land owners are beginning 
to appreciate the advantage of accessibility as opposed 
to direct access. This is illustrated by new motels and 
shopping centers which are being built. 
In summary, advantages of interchanges and access 
control have been demonstrated. It was shown that in 
most cases it would be warranted and economically 
justifiable to build an interchange at an intersection 
where a relatively high volume of traffic would be 
required to stop or where it would be possible to 
eliminate a hazardous location. A large percentage of 
total accidents and injuries could be prevented with the 
addition of interchanges. An interchange would reduce 
or eliminate serious accidents caused by intersecting 
through movements and the accidents caused by conflict 
between left-turning vehicles and through vehicles. The 
primary function of bypasses is the safe and efficient 
movement of traffic, rather than providing access to 
abutting property. This should be a primary 
consideration of the road designers and planners. 
In conclusion, a statement by Gillespie (2, 3) seems 
relevant. He stated that "A minimum of expense is, of 
course, highly desirable; but the road which is truly the 
cheapest is not the one which has cost the least money, 
but the one which makes the most profitable returns 
in proportion tO the amount expended upon it." 
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Figure 2. Effect of Control of Access on Accidents 
and Fatalities in Urbanized Areas (20). 
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Of the total 63 accidents, 49 (78 percent) occurred 
at the three major intersections. A few correctable 
accidents occurred at entrances to factories located 
alongside the bypass, at the railroad crossing, and at 
Merewood Avenue. The majority of the 
11 not 
correctable" accidents were the result of the driver 
losing control of his vehicle. 
It should also be noted that, with the opening of 
I 64 between Frankfort and Lexington, traffic volumes 
on this bypass will be reduced. This reduction was 
considered in cost calculations. 
Cost Analysis 
First, considering the bypass as a whole, a 
benefit-cost ratio of 2.59 was obtained, indicating the 
addition of interchanges to make this facility a 
fully-controlled access road would be warranted. 
Next, major intersections were considered 
individually. The Lexington Road (benefit-cost ratio of 
1.55) and the Douglas Avenue · Big Sink Road (1.21) 
intersections had benefit-cost ratios greater than one 
while the Frankfort Road intersection benefit-cost ratio 
was less than one (0.47). It should be noted that the 
large ratio at Lexington Road was primarily the result 
of large time and operating costs caused by large 
volumes of traffic required to stop at this signalized 
intersection. The high benefit-cost ratio at the Douglas 
Avenue ~ Big Sink Road intersection was primarily due 
to the high accident cost. (The traffic signal recently 
installed will substantially increase the time and 
operating costs.) While the benefit-cost ratio at 
Frankfort Road was less than one, the high accident 
cost at this intersection indicates an interchange might 
be considered on the basis of the "elimination of 
hazard 11 warrant. 
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VERSAILLES llYI' ASS 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable-Injury Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
= 63 
= 43 (63%) 
= 22 (41 injuries) 
= 18 (33 injuries; 80%) 
= 606 per I 100 MVM 
340 perllOO MVM 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
= 223 per I 100 MVM 
= 137 perllOO MVM 
Figure 3. Intersection of Versailles Bypass 
(Looking West) with Douglas Avenue -
Big Sink Road. 
The Versailles bypass is a four-lane facility with 
high traffic volumes and partial access control. Although 
there is little development along the bypass, there are 
a few at-grade intersections which create an accident 
problem. 
A majority of the accidents were oblique or 
sideswipe, rightaangle, or rear-end types which occurred 
at the at-grade intersections. At Lexington Street, there 
were a large number of rear-end accidents due to the 
traffic signal located there. The problem there is not 
due to inadequate signing since all necessary signing is 
installed, except for the possibility of additional lane 
assignment signs on the bypass in advance of present 
signs. There are also rumble strips and overhead flashers 
at this intersection, but rear-end accidents continue to 
occur. 
A majority of the right-angle collisions occurred at 
the Frankfort Street intersection and the Douglas 
Avenue - Big Sink Road intersection. These streets have 
overhead flashers and are properly signed. A future 
solution might involve installation of traffic signals, if 
warrants are met. Such signals would, of course, cause 
an increase in rear-end collisions. The ultimate solution 
to this problem would be construction of an 
interchange. (Since the writing of this report, a traffic 
signal has been installed at the Douglas Avenue-Big Sink 
Road intersection.) 
The intersections of the bypass with Lexington 
Road and Frankfort Street are already lighted, and 
improved lighting is suggested at the Douglas Avenue 
- Big Sink Road intersection where eight of the twelve 
accidents occurred either at night or at dawn or dusk. 
Three of the six right-angle accidents occurred at night 
or at dawn or dusk. Also, the fatal accident, which 
involved a pedestrian crossing the road, occurred at 
night. 
Figure 4. Intersection of Lexington Street 
(Looking West) with Versailles Bypass. 
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Cost Calculations 
Lexington Road (Traffic Signal) Intersection 
Bypass ADT 12,800 (Present) 
7,800 (After I 64 opens to traffic) 
Lexington Road ADT 18,488 (Present) 
~ 13,000 (After I 64 opens to traffic) 
Speed ~ 45 MPH 
Vehicles Required to Stop ~ 5000 VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ 365 ($11.41 x 4.5 + $31.50 x 0.5) ~ $24,490 
L L_.. 1000 Commercial Vehicles Time Cost per 1000 Commercial Vehicles 
Stopped (Table 2) 
1000 Autos 
Time Cost per 1000 Autos Stopped (Table 2) 
Days in Year 
Operating Costs ~ 365 ($19.99 x 4.5 + $60.12 x 0.5) ~ $43,805 
L L_ Operating Cost per 1000 Commercial Vehicles Stopped (Table 3) Operating Cost per 1000 Autos Stopped (Table 3) 
Accident Costs ~ 2/3 ($400 x II + $2,700 x 10 + $45,000 x 0) ~ $20,933 
I L Correctable 
L Fatality Cost 
Injury Cost 
Correctable Property Damages 
Property-Damage Cost 
Fatalities 
Accident Data were for 18-Month Period (Factor Converts Figures 
to 12-Month Period) 
(Unit Accident Costs From the National Safety Council) 
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Total Benefits Time Costs + Operating Costs + Accident Costs 
$24,990 + $43,805 + $20,933 ~ $89,228 
Present Worth ~ $89,228 x 13.88 ~ $1,238,485 
l__,.. Uniform Percentage Gradient Series Present-Worth 
Factor for a 20-Year Study Period 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ $1,238,485/$800,000 ~ 1.55 
Douglas Avenue - Big Sink Road Intersection 
Speed ~ 40 mph 
Vehicles Required to Stop ~ 2000 VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ $8,572 
Operating Costs ~ $13,794 
Accident Costs ~ $47,267 
(Correctable Accidents: 
Total Benefits ~ $69,633 
Present Worth ~ $966,506 
4 Property Damage 
9 Injuries 
I Fatality) 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ 1.21 
Frankfort Road Intersection 
ADT ~ 1400 
Speed ~ 40 mph 
Vehicles Required to Stop ~ 700, VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ $3,000 
Operating Costs ~ $4,828 
Accident Costs ~ $19,067 
(Correctable Accidents: 4 Property Damage 
10 Injuries 
0 Fatalities) 
Total Benefits = $26,895 
Present Worth = $373,303 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.47 
Bypass as a Whole 
Time Costs = $24,490 + $8,572 + $3,000 = $36,062 
Operating Costs = $43,805 + $13,794 + $4,828 = $62,427 
Accident Costs = $94,267 
(Correctable Accidents: 
Total Benefits = $192,756 
Present Worth = $2,675,453 
25 Property Damage 
32 Injuries 
I Fatality 
Additional Cost for Full Access Control = ($576,000 + $5,000 x- 13.88) x 1.6 
Benefit-Cost Ratio = 2.59 
L I.. Length in Miles Additional Annual Maintenance 
Cost (Table 6) 
L._ __ -111> Additional Initial Cost (Table 4 or 5) 
I 
G Additional Cost Per Mile 
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LOCATION ·Versailles (US 60) 
TOTAL NUMBER OF ACCIDENTS 68 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single Vehicle 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
Improper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURFACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CONDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
20 
12 
16 
17 
4 
11 
1 
4 
3 
3 
36 
2 
4 
29 
8 
43 
16 
9 
41 
4 
14 
9 
WEATHER CONDITIONS 
Clear I 
Raining 2 
Snowing 
Fog 
Cloudy 
Unknown 63 
SERIOUSNESS OF INJURY 
A 16 
B 8 
c 16 
K I 
u 
0 46 
CORRECTABLE ACCIDENTS 43 
Property Damage 25 
Injury Producing 18 
A 15 
B 4 
c 13 
K 1 
u 
INJURY CODE 
0 Non injury accident 
K Fatal 
A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
B Other visible injury, as bruises, abrasions, 
swelling, limping, etc. 
c No visible injury, but complaint of pain or 
momentary unconsciousness 
u Injury whose extent is not known 
LEGEND FOR COLLISION DIAGRAMS 
Path of moving motor vehicle 
Pedestrian path 
Fatal injury 
Non-fatal injury 
Rear-end collision 
Collision with parked vehicle 
Collision with fixed object 
Overturned 
Out of control 
Sideswipe 
Time: 
Pavement: 
Weather: 
Traffic Signal 
Flasher 
A= AM 
D =dry 
C clear 
F =fog 
® 
® 
P =PM 
I = icy 
CL = cloudy 
S = snow 
-----... 
.. o 
o.,. 
.. 
W =wet 
R = .rain 
Black collision 'diagrams represent 11 Correctable" accidents. 
Red collision diagrams represent ''not correctable" accidents. 
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RICHMOND BYPASS (KY 876) 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
Figure 5. Intersection of Richmond Bypass 
(Looking West) with Lancaster Avenne. 
The Richmond bypass provides an example of what 
will happen after much commercial development occurs 
along a bypass. Although the heavily built-up, four-lane 
section of the bypass has frontage roads and partial 
control of access, the accident rate is high. The two-lane 
section of the bypass has less buildup. 
The highest accident type encountered was the 
right-angle collision, caused by vehicles proceeding out 
of the frontage roads into the path of oncoming vehicles 
and vehicles turning left into the path of oncoming 
vehicles. There was a very high number of right-angle 
accidents involving left turns at the intersection of 
Lancaster Avenue and the bypass. This indicated a need 
for a left-turn phase at the traffic signal there, and it 
was added in July 1971. As the traffic increases on 
frontage road outlets to the bypass, there will probably 
be a necessity to signalize these intersections in the 
future. This would minimize right-angle collisions, but 
it would further impede traffic flow on the bypass and 
probably cause an inCi"ease in rear-end collisions. 
= 124 
= 98 (79%) 
= 30 (57 injuries) 
= 23 (SO injuries; 88%) 
679 per/100 MVM 
= 496 per/ 100 MVM 
142 per/100 MVM 
= 186 per/ 100 MVM 
The next highest type of accident was the oblique 
or sideswipe collision. These accidents had the same . 
causes as the right-angle collision. They were also caused 
by lane changing and by drivers who try to turn left 
from the .shoulder lane. 
The rear-end collision was the other type of 
accident which occurred in high numbers. There was a 
high number of this type at Lancaster Avenue as a result 
of the traffic signal located there. This type of accident 
was also caused by vehicles waiting to turn left being 
hit in the rear. The addition of left-turn storage lanes 
would alleviate this problem. They could possibly be 
added at Porter Drive, St. George Street, and the Service 
Road (Barnes Mill Road). 
Lighting does not seem to be a problem in that 
only a few accidents (ten) occurred in darkness where 
the highway was not lighted, and these accidents were 
scattered over the bypass. 
Figure 6. Intersection of Richmond Bypass 
(Looking East) with Wayne Drive. 
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Cost Analysis 
First, a benefit-cost ratio was calculated for the 
bypass as a whole. In the calculations, the bypass was 
separated into two sections -- the four-lane section and 
the two-lane section. The additional, initial cost was 
found separately for each section and in terms of the 
cost of a four-lane, fully access controlled road for the 
entire length of the bypass. The figures used were for 
an outlying urban area. Assuming costs given for 
urbanized areas in Table 4, a benefit-cost ratio of 2.12 
was obtained, indicating the addition of interchanges 
and access control to this bypass would be beneficial. 
A benefit-cost ratio was also calculated for each 
of the major intersections individually. The intersection 
with the highest benefit-cost ratio {2.48) was the 
Lancaster Avenue intersection. There were a large 
number of accidents at this intersection, but the largest 
cost there was the thne and operating costs due to the 
high volume of traffic required to stop at this signalized 
intersection. The signalized intersection at Kit Carson 
Drive had a relatively high benefit-cost ratio of 0.81. 
The intersection at Big Hill Avenue had a benefit-cost 
ratio of 1.35, primarily due to the high volume of traffic 
required to stop at this signalized intersection. The 
intersection at Boggs Lane, as well as the frontage road 
outlets, had benefit-cost ratios much less than one. 
However, the large number of accidents at the frontage 
road outlets shows them to be an accident hazard, 
indicating the need for interchanges. Also, if any of the 
intersections with frontage road outlets are signalized 
in the future, time and operating costs, and thus the 
benefit-cost ratio, would be significantly affected. 
Volumes on the frontage roads. have a potential of 
increasing at a high rate due to the growing activity 
around them. Recently, a pedestrian signal has been 
added just east of the Lancaster Avenue intersection. 
This will obviously increase time and operating costs for 
the bypass traffic. 
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Cost Calculations 
Lancaster Avenue (Traffic Signal) Intersection 
Bypass ADT = 15,000 
Lancaster Avenue ADT = 10,000 
Speed = 35 mph on Lancaster Avenue 
= 45 mph on the Bypass 
Vehicles Required to Stop = 5 000 VPD on Lancaster Avenue 
= 6000 VPD on the Bypass 
Commercial Vehicles = 10 Percent 
Time Costs = $48,127 
Operating Costs = $79,288 
Accident Costs = $51,533 
(Correctable Accidents: 
Total Benefits = $178,948 
Present Worth = $2,483,798 
38 Property Damage 
23 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $1,000,000 
Benefit-Cost Ratio = 2.48 
Kit Carson Drive (Traffic Signal) Intersection 
Bypass ADT = 12,000 
Kit Carson ADT = I ,000 
Speed = 45 mph on the Bypass 
= 35 mph on Kit Carson Drive 
Vehicles Required to Stop = 4,000 VPD on Kit Carson Drive 
= 2,400 VPD on the Bypass 
Commercial Vehicles = 10 Percent 
Time Costs = $13,254 
Operating Costs = $23,310 
Accident Costs = $10,333 
(Correctable Accidents: 5 Property Damage 
5 Injuries 
0 Fatalities) 
29 
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Total Benefits = $46,897 
Present Worth = $650,930 
Approximate Cost of a Shnple Interchange = $800,000 
Benefit-Cost Ratio = 0.81 
Boggs Lane Intersection 
Speed = 35 mph 
Vehicles Required to Stop = 2,000 VPD 
Commercial Vehicles = I 0 Percent 
Thne Costs = $7,496 
Operating Costs = $10,689 
Accident Costs = $1,067 
(Correctable Accidents: 
Total Benefits = $19,252 
Present Worth = $267,218 
4 Property Damage 
0 Injuries 
0 Fatalities) 
Approxhnate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.33 
Big Hill Avenue (Traffic Signal} Intersection 
Bypass ADT = 4,500 
Big Hill Avenue ADT = 7,800 
Speed 45 mph on Big Hill Avenue 
45 mph on the Bypass 
Vehicles Required to Stop = 3,120 VPH on the Bypass 
= 1,800 on Big Hill Avenue 
Commercial Vehicles = 10 Percent 
Thne Costs = $24,098 
Operating Costs = $43,105 
Accident Costs = $10,800 
(Correctable Accidents: 0 Property Damage 
6 Injuries 
0 Fatalities) 
Total Benefits = $78,003 
Present Worth = $1,082,682 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 1.35 
Frontage Road Outlets (Wayne Drive, Porter Drive. Service Road or Barnes Mill Road) 
Speed = 25 mph 
Vehicles Required to Stop (Assumed) = 2,000 VPD 
Commercial Vehicle = 10 Percent 
Time Cost = $5,553 
Operating Costs = $6,041 
Accident Costs = $29,533 
(Correctable Accidents: 
Total Benefits = $41,127 
Present Worth = $570,843 
' 
23 Property Damage 
13 Injuries 
0 Fatalities) 
The benefit-cost ratio for each frontage road outlet would obviously be smaller than one since 
the above costs are totals for all three intersections. 
Bypass as a Whole 
Time Costs = $98,528 
Operating Costs = $162,433 
Accident Costs = $140,000 
(Correctable Accidents: 
Total Benefits = $400,961 
Present Worth = $5,565,339 
7 5 Property Damage 
50 Injuries 
I Fatality) 
Additional Cost for Full Access Control = $2,622,960 
4-Lane Section (1.8 Miles) 576,000 (1.8)(13.88) = $1,161,720 
2-Lane Section (1.1 Miles) - 1,259,000 (1.1) + 5,000 (1.1)(13.88) = $1,461,240 
Benefit-Cost Ratio = 2.12 
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LOCATION Richmond (KY 876) 
TOTAL NUMBER OF ACCIDENTS 124 
TYPE OF ACCIDENT WEATHER CONDITIONS 
Rear End 29 Clear 93 
Right Angle 45 Raining 21 
Oblique or Sideswipe 31 Snowing 9 
Fixed Object 6 Fog I 
Single Vehicle 9 Cloudy 
Head On Unknown 
Multiple Rear End 3 
Other 
SERIOUSNESS OF INJURY 
CONTRIBUTING CIRCUMSTANCES A 26 
B 12 
Drinking 5 c 8 
Speeding 2 K 
Failed to Yield Right of Way 73 u 11 
Ran Stop Sign I 0 94 
Disregard Traffic Signal 5 
Followed Too Closely 4 
Improper Passing 2 CORRECTABLE ACCIDENTS 98
 
Improper Turn 
Inattentive 40 Property Damage 75
 
Failed to Signal 2 Injury Producing 23 
Other 4 A 23
 
B 10 
c 6 
ROAD SURFACE CONDITION K 
u 11 
Dry 77 
Wet 31 
Snowy or Icy 16 INJURY CODE 
Unknown 
0 Non injury accident 
K Fatal 
LIGHT CONDITIONS A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
Daylight 77 of the accident 
Dawn or Dusk 6 B Other visible injury, as bruises, abrasions, 
Darkness (Highway not lighted) 10 swelling, limping, etc. 
Darkness (Highway lighted) 31 c No visible injury, but complaint of pain or 
Unknown momentary unconsciousness 
u Injury whose extent is not known 
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SOMERSET BYPASS (US 27) 
Accident Analysis 
Figure 7. 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Intersection of Somerset US 27 Bypass 
(Looking South) with Oak Hill Road. 
The facility was divided into two sections ~- the 
heavily built-up area inside the city limits and the 
sparsely built-up section of four lanes outside the city 
limits. 
First, the accidents on the built-up section in the 
city limits will be considered. This section of road is 
a good illustration of a four-lane urban bypass with no 
control of access. 
Of 98 correctable accidents, 55 occurred at four 
signalized intersections on this section of road. Twenty 
of the correctable accidents involved roadside 
interference, fourteen accidents involved median 
crossovers, six involved turning from the wrong lane, 
and three involved lane switching, which could be 
connected by the accident report to roadside 
~ 
118 
98 (83%) 
22 (30 injuries) 
21 (29 injuries; 97%) 
665 per/100 MVM 
~ 526 per/100 MVM 
113 per/100 MVM 
186 per/ I 00 MVM 
27 
17 (64%) 
II (19 injuries; 3 fatalities) 
5 (9 injuries; I fatality; 47%) 
interference. Also, eleven of the twenty 
11not 
correctablen accidents involved lane switching which 
could not directly be related to roadside interference 
through the accident report but might have actually 
been the result of roadside interference. 
The most common type accident was right-angle, 
the rear-end, and oblique or sideswipe collisions. There 
was an unusually large number of right-angle collisions 
(17) at the signalized intersections as a result of vehicles 
disregarding traffic signals. Vehicles on the bypass as 
well as those on the side roads were guilty of running 
the red light, with Langdon Street having the largest 
number of offenders. All of the signals have 12-inch red 
lenses for all directions, and the length of amber for 
the signals has been adjusted in the past. But these 
actions have not completely eliminated the problem. 
Figure 8. Intersection of Somerset US 27 Bypass 
(Looking North) with KY 80. 
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Increasing the size of the green and amber lens to 
12-inches might reduce the problem. 
This portion of the bypass is lighted; thus, lack 
of lighting is not a problem. 
Next, the four-lane section of highway outside the 
Somerset city limits was considered. This section of road 
has sparse development around it and had several 
crossovers, providing zones from which left turns can 
be made and for crossing the road. There were no 
available traffic counts for the entire section of road, 
so accident rates could not be calculated. 
Fifteen of the 17 correctable accidents involved 
crossovers, with vehlcles either using the crossover to 
turn left or to cross the facility. The remaining two 
accidents involved the use of driveways. Accidents 
classified as "not correctable" involved lane switching, 
the driver losing control of the vehicle, iruproper passing, 
and vehicles going the wrong direction. Two of the 
fatalities were classified as "not correctable"; they 
occurred in an accident where the driver was under the 
influence of alcohol and was proceeding the wrong 
direction on the highway. 
A large percentage of the accidents occurred at 
crossovers. A reduction in the number of crossovers 
would be beneficial, but probably would not be feasible 
unless other measures were taken to give access to land 
along the highway. 
Lack of lighting might be considered a problem on 
this portion of the bypass since one half of the accidents 
occurred during darkness or dawn or dusk. Also, both 
of the fatal accidents occurred at night. 
Cost Analysis 
The cost analysis was done by two methods. First, 
one benefit-cost ratio was calculated for the entire road. 
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The additional initial cost per mile was obtained from 
Table 4, and the road was classified as being in an 
outlying urban area. Although the section of the road 
within the city liruits is fully developed, it was not 
built-up when the road was originally built. The 
benefit-cost ratio was calculated to be 1.06. It should 
be noted that if the road was considered in two sections, 
the portion of the bypass within the city limits would 
have a benefit-cost ratio much greater than one while 
the section outside the city limits would have a 
benefit-cost ratio less than one. 
Using the second method, benefit-cost ratios were 
calculated for each of the major intersections. The 
signalized intersections at KY 80 (benefit-cost ratio of 
2.19), Langdon Street (1.10), and Oak Hill Road (1.22) 
all had benefit-cost ratios greater than one while the 
signalized intersection at the Tradewind Shopping 
Center had a benefit-cost ratio slightly less than one 
(0.83). The priruary reason for the relatively high 
benefit-cost ratios was the high volume of traffic 
required to stop at these signalized intersections. There 
were also several accidents at these locations. None of 
the other minor intersections, such as Columbia Avenue, 
would have a benefit-cost ratio near one. 
Cost Calculations 
KY 80 (Traffic Signal) Intersection 
Bypass ADT = 18,000 
Ky 80 ADT = 7,000 
Speed = 40 mph on Ky 80 
40 mph on the Bypass 
Vehicles Required to Stop = 3,500 VPD on Ky 80 
= 7,200 VPD on the Bypass 
Commercial Vehicles = I 0 Percent 
Time Costs = $45,858 
Operating Costs = $73,798 
Accident Costs = $6,800 
(Correctable Accidents: 
Total Benefits = $126,456 
Present Worth = $1 , 7 55,209 
12 Property Damage 
2 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 2.19 
Langdon Street (Traffic Signal) Intersection 
Bypass ADT = 18,000 
Langdon Street ADT = I ,200 
Speed 35 mph on Langdon Street 
40 mph on the Bypass 
Vehicles Required to Stop 
Commercial Vehicles = I 0 Percent 
Time Costs = $18,802 
Operating Costs = $29,639 
Accident Costs = $14,800 
(Correctable Accidents: 
900 VPD on Langdon Street 
3600 VPD on the Bypass 
15 Property Damage 
6 Injuries 
0 Fatalities) 
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Total Benefits = $63,241 
Present Worth = $877,785 
Approximate Cost of a Simple Interchange $800,000 
Benefit-Cost Ratio = 1.10 
Oak Hill Road (Traffic Signal) Intersection 
Bypass ADT = 18,000 
Lancaster Avenue ADT = 2500 
Speed 35 mph on Oak Hill Road 
= 40 mph on the Bypass 
Vehicles Required to Stop I ,875 VPD on Oak Hill Road 
= 3,600 VPD on the Bypass 
Commercial Vehicles = 10 Percent 
Time Costs = $22,459 
Operating Costs = $34,854 
Accident Costs = $12,933 
(Correctable Accidents: 
Total Benefits = $70,246 
Present Worth = $975,014 
8 Property Damage 
6 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange $800,000 
Benefit-Cost Ratio = 1.22 
Tradewind Shopping Center (Traffic Signal) Intersection 
Bypass ADT = 18,000 
Tradewind Shopping Center ADT = 1,500 
Speed = 35 mph out of the shopping center 
40 mph on the Bypass 
Vehicles Required to Stop 750 VPD out of the Shopping Center 
2700 VPD on the Bypass 
Commercial Vehicles = I 0 Percent 
Time Costs = $14,383 
Operating Costs = $22,630 
Accident Costs = $10,867 
(Correctable Accidents: 
Total Benefits = $47,880 
Present Worth = $664,574 
7 Property Damage 
5 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange $800,000 
Benefit-Cost Ratio = 0.83 
Columbia Street Intersection 
ADT = I ,000 (Required to Stop) 
Speed = 40 mph 
Commercial Vehicles = 10 Percent 
Time Cost = $3,748 
Operating Costs = $5,344 
Accident Costs = $1 ,867 
(Correctable Accidents: 
Total Benefits = $10,959 
Present Worth = $152,111 
7 Property Damage 
0 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange $800,000 
Benefit-Cost Ratio = 0.19 
43 
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Assume ADT of 3000 as a conservative estimate of the total traffic required to stop on all the other 
sideroads into the facility. 
Time Cost ~ $11,243 
Operating Cost ~ $16,033 
Bypass as a Whole 
Time Costs ~ $116,493 
Operating Costs ~ $182,298 
Accident Costs~ $114,933 
(Correctable Accidents: 
Total Benefits $413,724 
Present Worth $5,742,489 
89 Property Damage 
34 Injuries 
I Fatality) 
Additional Cost for Full Access Control 
(5.7) (877000) + (5.7) (5000) (13.88) $5,394,480 
Benefit-Cost Ratio ~ 1.06 
LOCATION Somerset (US 27) 
(in city limits) 
TOTAL NUMBER OF ACCIDENTS 118 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single Vehicle 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
hnproper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURF ACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CoNDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
38 
~8 
37 
1 
3 
I 
4 
2 
81 
I 
17 
43 
2 
90 
23 
5 
84 
33 
WEATHER CONDITIONS 
Clear 
Raining 
Snowing 
Fog 
Cloudy 
Unknown 
SERIOUSNESS OF INJURY 
A 
B 
c 
K 
u 
0 
CORRECTABLE ACCIDENTS 
Property Damage 
Injury Producing 
A 
B 
c 
K 
u 
INJURY CODE 
0 Non injury accident 
K Fatal 
88 
20 
3 
7 
13 
7 
7 
3 
96 
98 
77 
21 
13 
6 
7 
3 
A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
B 
c 
u 
Other visible injury, as bruises, abrasions, 
swelling, limping, etc. 
No visible injury,_ but complaint of pain or 
momentary unconsciousness 
Injury whose extent is not known 
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LOCATION Somerset (US 27) 
(outside city limits) 
TOTAL NlrndBER OF ACCIDENTS 27 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single Vehicle 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
Improper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURF ACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CONDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
46 
6 
5 
11 
2 
2 
4 
1 
17 
1 
1 
5 
10 
1 
2 
24 
3 
18 
1 
8 
WEATHER CONDITIONS 
Clear 
Raining 
Snowing 
Fog 
Cloudy 
Unknown 
SERIOUSNESS OF INJURY 
A 
B 
c 
K 
u 
0 
CORRECTABLE ACCIDENTS 
Property Damage 
Injury Producing 
A 
B 
c 
K 
u 
INJURY CODE 
0 Non injury accident 
K Fatal 
26 
1 
8 
6 
2 
3 
15 
17 
12 
5 
3 
4 
1 
A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
B 
c 
u 
Other visible injury, as bruises, abrasions, 
swelling, limping, etc. 
No visible injury, but complaint of pain or 
momentary unconsciousness 
Injury whose extent is not known 
N 
I 
I 
I 
I 
I 
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GLASGOW BYPASS (US 3!E) 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
= 
= 
64 
52 (81 %) 
18 (24 injuries) 
IS (22 injuries; 92%) 
516 per/100 MVM 
485 per/100 MVM 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) = 
97 per/100 MVM 
137 per/100 MVM 
Figure 9. Intersection of Glasgow Bypass (Looking 
South) with West Main Street. 
The Glasgow bypass is a two-lane facility with three 
lanes in several locations to aid traffic on uphill grades. 
Land along the bypass is generally undeveloped, and a 
large percentage of the accidents occurred at the several 
crossroads intersecting the bypass. 
A total of 64 accidents occurred on the bypass 
during the study period. Of these, 58 occurred at 
at~grade intersections. Two intersections which had 
particular accident problems were the signalized 
intersections at Happy Valley Road and at West Main 
Street. There were also several accidents at Cleveland 
Avenue where there is a sight distance problem. The 
intersection at Cleveland Avenue is equipped with 
over head flashers. 
The most predominant accidents were the 
right-angle and rear-end types, with several oblique or 
sideswipe accidents also occurring. Several of the 
right-angle accidents occurred at Happy Valley Road 
involving vehicles turning left into the path of oncoming 
vehicles. There were eight accidents involving 
left-turning vehicles on Happy Valley Road. A left-turn 
phase for bypass traffic could be considered as a partial 
'solution. Several rear~end accidents occurred at this 
intersection at yield signs which control right-turning 
movements on every leg of the intersection. 
Several right-angle and rear-end collisions also 
occurred at the intersection with West Main Street. 
Some of the right-angle collisions there were the result 
of left-turning vehicles, and if the number continues to 
increase in the future, a left-turn signal phase might be 
justified. There were three accidents involving 
left-turning vehicles moving into the path of oncoming 
vehicles a,n the bypass and two accidents involving 
left-turning vehicles on West Main Street. 
Accidents at Cleveland Avenue were mainly 
right-angle accidents, a result of vehicles pulling into the 
path of oncoming traffic. The signing and marking for 
this intersection is adequate. 
Only three accidents occurred during darkness 
where the highway was not lighted, so lack of lighting 
does not appear to be a problem. 
This bypass is a good example of problems caused 
by several at-grade intersections because of the high 
number of accidents which occurred at these 
intersections. The fact that the road changes from two 
to three lanes and back again did not create an accident 
problem on this facility. 
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Cost Analysis 
Cost analysis consisted of the calculation of a 
benefit-cost ratio for each of the major intersections 
since 91 percent of the accidents on the bypass occurred 
at the intersections. All of the time and operating costs 
which were calculated occurred at these intersections. 
Also, this bypass is a two-lane road with three lanes 
in several locations, so an appropriate cost per mile 
could not be obtained from Table 4. 
Of the seven major intersections for which a 
benefit-cost ratio was calculated, the intersections at 
Happy Valley Road (benefit-cost ratio of 1.30) and at 
West Main Street (benefit-cost ratio of 1.44) were the 
only ones with a benefit-cost ratio greater than one. It 
is significant to note that these intersections have traffic 
signals while none of the other intersections do. The 
high traffic volumes at these two intersections resulted 
in high time and operating costs. The only other 
intersection that could possibly warrant an interchange 
would be the Cleveland Avenue intersection (a 
benefit-cost ratio of only 0.38); accident experience 
indicated an interchange would eliminate a hazardous 
accident location. 
Cost Calculations 
Happy Valley Road (Traffic Signal) Intersection 
Bypass ADT = 8,190 
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Happy Valley Road ADT = 5,000 
Speed 35 mph on Happy Valley Road 
45 mph on the Bypass 
Vehicles Required to Stop = 
Commercial Vehicles = 10 percent 
Time Cost = $24,063 
Operating Cost = $39,644 
Accident Cost = $11,467 
(Correctable Accidents: 
Total Benefits $75,174 
Present Worth = $1,043,415 
2,500 VPD on Happy Valley Road 
3,000 VPD on the Bypass 
16 Property Damage 
4 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange $800,000 
Benefit-Cost Ratio = 1.30 
West Main Street (Traffic Signal) Intersection 
Bypass ADT = 5, 190 
West Main Street ADT = 5,500 
Speed = 
= 
35 mph on West Main Street 
45 mph on the Bypass 
Vehicles Required to Stop = 
= 
Commercial Vehicles = 10 percent 
Time Cost =· $26,355 
Operating Cost = $43,404 
Accident Cost = $13,200 
(Correctable Accidents: 
Total Benefits = $82,959 
Present Worth = $!,151,471 
2,750 VPD on Main Street 
3,275 VPD on the Bypass 
9 Property Damage 
6 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 1.44 
Cleveland Avenue Intersection 
Speed = 35 mph 
Vehicles Required to Stop = I ,500 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $5,622 
Operating Costs = $8,016 
(Correctable Accidents: 
Total Benefits = $21,638 
Present Worth = $300,335 
3 Property Damage 
4 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.38 
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56 
Race Street Intersection 
Speed ~ 35 mph 
Vehicles Required to Stop ~ 1,100 VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ $4,123 
Operating Costs ~ $5,879 
Accident Costs ~ $2,067 
(Correctable Accidents: 
Total Benefits ~ $12,069 
Present Worth ~ $167,518 
I Property Damage 
I Injury 
0 Fatalities) 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ 0.21 
LexingtOJ? Drive Intersection 
Speed ~ 35 mph 
Vehicles Required to Stop ~ I ,300 VPD 
Commercial Vehicles ~ 10 Percent 
Time Costs ~ $4,872 
Operating Costs ~ $6,948 
Accident Costs ~ $267 
(Correctable Accidents: 
Total Benefits ~ $12,087 
Present Worth ~ $167,768 
I Property Damage 
0 Injuries 
0 Fatalities 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ 1.21 
Grandview Avenue Intersection 
Speed ~ 35 mph 
Vehicles Required to Stop ~ 750 VPD 
Commercial Vehicles = 10 Percent 
Time Costs = $2,811 
Operating Costs = $4,008 
Accident Costs = $3,867 
(Correctable Accidents: 
Total Benefits = $10,860 
Present Worth = $148,322 
I Property Damage 
2 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.19 
South Green Street Intersection 
Speed = 35 mph 
Vehicles Required to Stop = I ,500 VPD 
Commercial Vehicles = 10 Percent 
Time Costs = $5,622 
Operating Costs = $8,016 
Accident Costs = $533 
(Correctable Accidents: 
Total Benefits = $14,171 
Present Worth = $196,693 
2 Property Damage 
0 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.25 
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LOCATION Glasgow (US 31E) 
TOTAL NUMBER OF ACCIDENTS 64 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single Vehicle 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
Improper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURFACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CONDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
58 
24 
25 
9 
I 
3 
4 
I 
38 
2 
10 
2 
38 
I 
45 
12 
4 
3 
50 
2 
3 
6 
3 
WEATHER CONDITIONS 
Clear 
Raining 
Snowing 
Fog 
Cloudy 
Unknown 
SERIOUSNESS OF INJURY 
A 
B 
c 
K 
u 
0 
CORRECTABLE ACCIDENTS 
Property Damage 
Injury Producing 
A 
B 
c 
K 
u 
INJURY CODE 
0 Non injury accident 
K Fatal 
45 
12 
3 
4 
7 
16 
47 
52 
37 
15 
7 
14 
A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
B 
c 
u 
Other visible injury, as bruises, abrasions, 
swelling, lhnping, etc. 
No visible injury, but complaint of pain or 
momentary unconsciousness 
Injury whose extent is not known 
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PAINTSVILLE BYPASS (US 23) 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury Producing Accidents 
Total Correctable Injury Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
52 
38 (73%) 
13 (25 injuries) 
8 (17 injuries; 68%) 
~ 594 per/100 MVM 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
~ 485 per/100 MVM 
160 per/100 MVM 
~ 137 per/100 MVM 
Figure 10. Intersection of Paintsville Bypass 
(Looking North) with Jefferson Avenue. 
This facility is located in a suburban area with no 
control of access. Its total length is approximately two 
miles, about one-fourth being four lanes with a heavily 
developed area surrounding it and the remainder two 
lanes with moderate buildup. 
The three principal problem locations were the 
intersection of US 460 and US 23, the driveway of 
Johnson Central High School, and the intersection in 
the four-lane section with Eighth Street and Jefferson 
Avenue. 
The worst accident location was the intersection 
of US 23 and US 460 where there were ten accidents, 
nine of which were classified as correctable. These 
included several right-angle accidents that resulted in 14 
injuries, all of which could have been corrected. If 
volume warrants are ever met, a traffic signal could be 
installed and would be a deterrent to right-angle 
collisions. However, the only ultimate solution to this 
problem would be an interchange. 
The driveway for the Johnson Central High School 
is in a location with restricted sight distance in the 
northerly direction, but advance overhead school 
flashers warn of the locati~n. Three of the five accidents 
occurring at this location involved vehicles turning left, 
indicating a left-turn lane might improve the situation. 
The third location illustrates the result of 
congestion caused by two closely spaced intersections 
and roadside interference. The entire area around the 
four~lane section is heavily developed; several accidents 
involving friction with the businesses along the road have 
occurred. A total of 29 accidents occurred on this 
section of road, and 23 (79 percent) of these were 
correctable. This section of road is the cause of the high 
accident rate on the bypass. 
Lighting does not present a serious problem for the 
bypass as a whole. The only location which had more 
than one accident during darkness was the Johnson 
Central High School entrance, where two nighttime 
accidents and one accident at dawn occurred. Perhaps 
lighting should be considered at this location if 
nighttime accidents continue to occur. 
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Figure 11. 
Cost Analysis 
Intersection of Paintsville Bypass 
(Looking North) with Entrance to 
Johnson Central High School. 
Cost analysis consisted of the calculation of a 
benefit-cost ratio for the US 460 and US 23 intersection 
and the calculation of the total benefits which would 
accrue if access control were applied to the short 
0.4-mile portion of four-lane road. 
The benefit-cost ratio for the US 460 and US 23 
intersection was calculated to be 1.64. This was the 
result of a high accident cost caused by a large number 
of injury-producing accidents as well as fairly high 
volume crossroad traffic, which is required to stop. This 
clearly indicates an interchange would be warranted at 
this location. 
Total benefits from the four-lane section of the 
bypass indicated that an interchange would not be 
economically warranted there, but the large number of 
accidents which occurred on this section of road as a 
result of the roadside interference indicated that some 
form of access control would have prevented a large 
accident cost by eliminating a hazardous location. 
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Cost Calculations 
US 23 and US 460 Intersection 
Speed = 45 mph 
Vehicles Required to Stop = 5,000 VPD 
Commercial Vehicles = 10 percent 
Time Costs = $24,490 
Operating Costs = $43,805 
Accident Costs = $26,000 
(Correctable Accidents: 
Total Benefits = $94,295 
Present Worth = $1,308,815 
3 Property Damage 
14 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 1.64 
Four-Lane Section of the Bypass 
Speed on Intersecting City Streets = 35 mph 
Vehicles Required to Stop = 2,000 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $7,496 
Operating Costs = $10,687 
Accident Costs = $7,933 
(Correctable Accidents: 
Total Benefits = $26,116. 
Present Worth = $362,490 
23 Property Damage 
I Injury 
0 Fatalities) 
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LOCATION Paintsville (US 23) 
TOTAL NUMBER OF ACCIDENTS 52 
TYPE OF ACCIDENT WEATHER CONDITIONS 
Rear End 10 Clear 34 
Right Angle 18 Raining 4 
Oblique or Sideswipe IS Snowing I 
Fixed Object 2 Fog 2 
Single Vehicle Cloudy 4 
Head On 3 Unknown 7 
Multiple Rear End 3 
Other I 
SERIOUSNESS OF INJURY 
CONTRIBUTING CIRCUMSTANCES A I 
B 7 
Drinking 3 c 12 
Speeding 2 K 
Failed to Yield Right of Way 33 u 5 
Ran Stop Sign 4 0 40 
Disregard Traffic Signal 
Followed Too Closely 6 
Improper Passing 2 CORRECTABLE ACCIDENTS 38 
Improper Turn 2 
Inattentive 22 Property Damage 30 
Failed to Signal Injury Producing 8 
Other 3 A 
B 6 
c 10 
ROAD SURFACE CONDITION K 
u I 
Dry 36 
Wet 7 
Snowy or Icy 2 INJURY CODE 
Unknown 7 
0 Non injury accident 
K Fatal 
LIGHT CONDITIONS A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
Daylight 33 of the accident 
Dawn or Dusk 2 B Other visible injury, as bruises, abrasions, 
Darkness (Highway not lighted) 6 swelling, lhnping, etc. 
Darkness (Highway lighted) 4 c No visible injury, but complaint of pain or 
Unknown 7 momentary unconsciousness 
u Injury whose extent is not known 
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WINCHESTER BYPASS (KY 1958) 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
Accident Rate (Omitting Correctable Accidents) 
National Rate (Full Access Control) 
Figure 12. Intersection of Winchester Bypass 
(Looking East) with Colby Pike. 
The Winchester bypass is surrounded by 
undeveloped farmland. There are no businesses 
bordering the bypass, but there are a few entering 
driveways. Therefore, since there are very few access 
points, coupled with the fact that the volume is very 
low, access control is not a problem at this time. But 
there are a few crossroads and a railroad crossing which 
create problems. 
Of the 17 accidents which occurred during the 
study period, ten were the right-angle types. Sixteen of 
the 17 accidents occurred at the four at-grade 
intersections on the bypass. One was at the signalized 
US 60 intersection and involved a left-turning vehicle 
and resulted in a fatality. There were two right-angle 
accidents at the C&O Railroad crossing, involving one 
fatality. There is a sight distance restriction at the 
railroad crossing, but there are advance flashers with 
railroad signs and also dual advance railroad signs, which 
should adequately delineate the crossing. 
17 
14 (83%) 
= 7 {19 injuries; 2 fatalities) 
7 (19 injuries; 2 fatalities; 100%) 
323 per/100 MVM 
332 per/100 MVM 
63 per/100 MVM 
151 per/100 MVM 
Twelve of the 17 accidents occurred at the bypass 
intersection with Colby Road. Of these 12, seven were 
right-angle accidents and two were single-vehicle 
accidents which resulted when the driver swerved to miss 
a vehicle coming out of Colby Pike. The sight distance 
is bad because the intersection is on the crest of a hill, 
but there are flashers at the intersection and dual 
mounted crossroad signs in advance of the intersection. 
Although the intersection is not lighted, only two of 
the 12 accidents occurred at night, indicating the lack 
of lighting was not the problem. The accident problem 
at this intersection could only ultimately be solved witlr 
an interchange. 
Cost Analysis 
Since all of the correctable accidents occurred at 
at-grade intersections and there is no other problem with 
access control, a benefit·cost ratio was calculated for 
each of the four major intersections. Excluding the 
railroad crossing, the US 60 intersection was the only 
one with a benefit-cost ratio greater than one (1.47). 
This was primarily because the larger volume and the 
traffic signal located at this intersection gave large time 
and operating cost savings. A fatal accident also occurred 
at this intersection, which resulted in a large accident 
cost. The benefit-cost ratio at Colby Pike is also 
relatively close to one (0.82), and by considering that 
12 of the 17 accidents on the bypass occurred at this 
intersection, an interchange might be considered 
warranted to eliminate an accident hazard. Also, there 
were no fatalities at this intersection during the study 
period, but the large number of severe accidents 
indicated that a fatal accident is possible in the future. 
This, then would greatly affect the benefit-cost ratio. 
The benefit-cost ratio of the US 227 intersection is 
considerably less than one (0.47) as a result of the low 
volume required to stop as well as the fact that there 
were no ~;orrectable accidents. An overpass for the C&O 
Railroad. had a benefit-cost ratio of approximately 1.00. 
This is the result of two serious accidents at this 
location, one resulting in a fatality. 
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Cost Calculations 
US 60 (Traffic Signal) Intersection 
Speed 45 mph on US 60 
~ 45 mph on the Bypass 
Vehicles Required to Stop ~ 4,000 VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ $19,592 
Operating Costs ~ $35,044 
Accident Costs ~ $30,000 
(Correctable Accidents: 
Total Benefits ~ $84,636 
Present Worth ~ $1,174,748 
0 Property Damage 
0 Injuries 
1 Fatality) 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ 1.47 
C&O Railroad Crossing 
76 
Accident Cost ~ $31,800 
(Correctable Accidents: 0 Property Damage 
I Injury 
I Fatality) 
Time and Operating Costs are Unknown. 
Total Benefits ~ $31,800 
Present Worth ~ $441,384 
This is equal or slightly greater than an average cost of a railroad bypass which would give a benefit-cost 
ratio of at least one. 
Colby Pike Intersection 
Speed ~ 45 mph 
Vehicles Required to Stop ~ 1900 VPD 
Commercial Vehicles ~ 10 Percent 
Time Costs ~ $9,306 
Operating Costs ~ $16,646 
Accident Costs ~ $21,400 
(Correctable Accidents: 
Total Benefits ~ $47,352 
Present Worth ~ $657,246 
6 Property Damage 
II Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange ~ $800,000 
Benefit-Cost Ratio ~ 0.82 
US 227 Intersection 
Speed ~ 45 mph 
Vehicles Required to Stop ~ 2,000 VPD 
Commercial Vehicles ~ I 0 Percent 
Time Costs ~ $9,796 
Operating Costs ~ $17,522 
Accident Costs ~ 0 
Total Benefits ~ $27,318 
Present Worth ~ $379,174 
Benefit-Cost Ratio ~ 0.47 
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LOCATION Winchester (KY 1958) 
TOTAL NUMBER OF ACCIDENTS 17 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single Vehicle 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
Improper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURFACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CONDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
78 
I 
10 
5 
14 
3 
14 
3 
13 
4 
WEATHER CONDITIONS 
Clear 
Raining 
Snowing 
Fog 
Cloudy 
Unknown 
SERIOUSNESS OF INJURY 
A 
B 
c 
K 
u 
0 
CORRECTABLE ACCIDENTS 
Property Damage 
Injury Producing 
A 
B 
c 
K 
u 
INJURY CODE 
0 Non injury accident 
K Fatal 
14 
3 
14 
2 
2 
9 
14 
7 
7 
14 
2 
I 
2 
A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
B 
c 
u 
Other visible injury, as bruises, abrasions, 
swelling, limping, etc, 
No visible injury, but complaint of pain or 
momentary unconsciousness 
Injury whose extent is not known 
CLARK CO. 
WINCHESTER 
BYPASS-COLBY RD. 
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LAWRENCEBURG BYPASS (US 127} 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Accident Rate 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
Figure 13. Intersection of Lawrenceburg Bypass 
(Looking South) with KY 44. 
The Lawrenceburg bypass is a rural two-lane 
facility with very little development of the adjacent 
land. There are few driveways along the bypass, but 
there are several at-grade intersections which create an 
accident potentiaL The bypass has partial control of 
access in the form of a right-of-way fence, which is 
broken in several places for entrances so no access 
control is actually achieved. 
Although the accident rate is low, accident severity 
has been critical, as indicated by the number of 
fatalities. All of the 15 correctable accidents occurred 
at at-grade intersections, and 14 of the 15 occurred at 
three of the four major intersections on the bypass. The 
four major intersections on the bypass are "T 
intersections" with US 127 business route both north 
and south and intersections with KY 44 and US 62. 
Five accidents occurred at the US 62 and the US 127 
North business intersections, four occurred at the KY 
44 intersection, and there were no reported accidents 
at the US 127 South business intersection. 
21 
; 15 (71%} 
8 (20 injuries; 4 fatalities) 
8 (20 injuries; 4 fatalities; I 00%} 
; 120 per/100 MVM 
332 per/100 MVM 
; 34 per/100 MVM 
151 per/100 MVM 
Of the 14 accidents, four were rear-end, five were 
right-angle, and five were oblique or sideswipe. The four 
rear-end collisions involved left-turning vehicles, and 
four of the five sideswipe or oblique collisions involved 
left-turning vehicles being passed while they attempted 
to turn left. This indicated that left-turn lanes at these 
tluee intersections could have prevented eight of the 
accidents. It should be noted that the US 127 South 
business intersection already has a left-turn lane. 
Of the five right-angle collisions, two involved 
left-turning vehicles, and three involved vehicles pulling 
out of US 62 and KY 44 into the path of oncoming 
vehicles. These intersections have all signing and 
markings that would be considered necessary. 
The "not correctable" accidents consisted of single 
vehicle accidents involving loss of control, collision with 
an animal, and improper passing. 
Lighting does not appettr to be a problem since 
there were no reported nighttime accidents. 
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Cost Analysis 
The cost analysis consisted of the calculation of 
benefit-cost ratios for each of the four major 
intersections. This analysis was justified since 14 of the 
IS correctable accidents and all of the time and 
operating costs occurred at these intersections. ·This 
bypass is in a rural environment where access control 
is not a problem at this time. 
Of these four intersections, only the intersection 
at the US 127 North business route had a benefit-cost 
ratio greater than one (2.49). This was the result of the 
high accident cost caused by a multiple fatality accident. 
The benefit-cost ratios for the intersections at US 62 
(0.62), KY 44 (0.42), and US 127 South business route 
(0.19) were all less than one. At US 62 and KY 44, 
this can primarily be attributed to the low crossroad 
volumes required to stop. There were several 
injury-producing accidents at these two locations, 
indicating the need for an interchange to eliminate the 
present hazard. The intersection at US 127 South 
business route had no correctable accidents; also. only 
a low volume of vehicles was required to stop, thereby 
resulting in a low benefit-cost ratio. 
Cost Calculations 
North US 127 . Business Route Intersection 
Speed = 45 mph 
84 
Vehicles Required to Stop = I ,300 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $6,367 
Operating Costs = $11,389 
Accident Costs = $125,933 
(Correctable Accidents: 
Total Benefits = $143,689 
Present Worth = $1,994,403 
2 Property Damage 
3 Injuries 
4 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 2.49 
US 62 Intersection 
Speed = 45 mph 
Vehicles Required to Stop = 1,400 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $6,857 
Operating Costs = $12,266 
Accident Costs = $16,733 
(Correctable Accidents: 
Total Benefits = $35,856 
Present Worth = $497,681 
2 Property Damage 
9 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.62 
South US 127 - Business Route Intersection 
Speed = 45 mph 
Vehicles Required to Stop = 800 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $7,009 
Accident Costs = 0 
Total Benefits = $10,827 
Present Worth = $151,667 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.19 
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LOCATION Lawrenceburg (US 127) 
TOTAL NUMBER OF ACCIDENTS 21 
TYPE OF ACCIDENT WEATHER CONDITIONS 
Rear End 5 Clear 12 
Right Angle 5 Raining 4 
Oblique or Sideswipe 6 Snowing 3 
Fixed Object Fog 
Single Vehicle 3 Cloudy 2 
Head On Unknown 
Multiple Rear End 
Other 
SERIOUSNESS OF INJURY 
CONTRIBUTING CIRCUMSTANCES A 5 
B 7 
Drinking 2 c 4 
Speeding 3 K 4 
Failed to Yield Right of Way 6 u 
Ran Stop Sign 0 14 
Disregard Traffic Signal 
Followed Too Closely 3 
Improper Passing 3 CORRECTABLE ACCIDENTS 15 
Improper Turn 
Inattentive 10 Property Damage 7 
Failed to Signal Injury Producing 8 
Other 4 A 5 
B 7 
c 4 
ROAD SURFACE CONDITION K 4 
u 
Dry 14 
Wet 4 
Snowy or Icy 3 INJURY CODE 
Unknown 
0 Non injury accident 
K Fatal 
LIGHT CONDITIONS A Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
Daylight 15 of the accident 
Dawn or Dusk 6 B Other visible injury, as bruises, abrasions, 
Darkness (Highway not lighted) swelling, limping, etc. 
Darkness (Highway lighted) c No visible injury, but complaint of pain or 
Unknown momentary unconsciousness 
u Injury whose extent is not known 
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DANVILLE BYPASS 
Accident Analysis 
Total Accidents 
Total Correctable Accidents 
Total Injury-Producing Accidents 
Total Correctable Injury-Producing Accidents 
Actual Accident Rate 
Corresponding National Average Rate 
= 
= 
= 
= 
7 
4 (57%) 
2 (3 injuries) 
I (2 injuries; 67%) 
61 per 100 MVM 
332 per I 00 MVM 
Accident Rate (Omitting Correctable Accidents) 
National Accident Rate (Full Access Control) 
= 
= 
26 per 100 MVM 
151 per 100 MVM 
Figure 14. Intersection of Danville Bypass (Looking 
South) with US ISO. 
The Danville bypass is a two-lane facility, primarily 
rural with the exception of an industrial park and a few 
driveways. There are also several at-grade intersections. 
The low accident rate can partiaily be attributed 
to the low volume of traffic on the bypass and the fact 
that a number of minor accidents were probably not 
reported. There have been estimates that perhaps only 
50 percent of all traffic accidents are reported (4). 
This bypass has some unusual traffic controls in 
that there are two four-way stops; and at one 
intersection, the bypass traffic is stopped while the 
crossroad traffic has the right of way. These controls 
are working well from an accident point of view since 
there was only one reported accident at these 
intersections during the study period. The speed limit 
is 60 mph on the bypass, but there have been no 
reported accidents involving bypass traffic running the 
stop signs. This was probably the result of good sight 
distances at the intersections plus overhead flashers and 
dual mounted stop and stop ahead signs which provide 
adequate advance warning of the upcoming stops. 
The recently completed section of the bypass 
between US 127 (Fourth Street) and Stanford Road was 
not included in the study because of insufficient 
accident data. 
Cost Analysis 
The cost analysis consisted of calculating 
benefit-cost ratios for each of the five major 
intersections on the portion of the bypass under study. 
This can be justified by noting the total accident cost 
for the bypass was negligible when compared to time 
and operating costs, which occurred entirely at the 
intersections. Therefore, virtually all benefits would 
accrue at these intersections. 
The benefit-cost ratios for the intersections at US 
!50 (1.97), KY 34 (1.37), and US 127 (1.54) were ail 
greater than one, even though there was only one 
correctable accident which occurred between ail tluee 
of these intersections. The high benefit-cost ratios were 
the result of high time and operating costs caused by 
the high volumes of traffic required to stop. The US 
ISO and KY 34 intersections are both four-way stops, 
and the bypass traffic is required to stop at the US 127 
intersection. The intersections at KY 37 and 
Harrodsburg Road both had benefit-cost ratios much less 
than one (0.29). This was due primarily to the lower 
volume crossroad traffic required to stop; and since the 
intersections are "T intersections," only about half of 
the total crossroad v9lumes were required to stop. 
93 
94 
Cost Calculations 
US 150 (4-Way Stop) Intersection 
Speed = 50 mph 
Vehicles Required to Stop = 3,500 VPD on the Bypass 
= 3,300 VPD on US ISO 
Commercial Vehicles = I 0 Percent 
Time Costs = $38,481 
Operating Costs = $75,058 
Accident Costs = $267 
(Correctable Accidents: 
Total Benefits = $113,806 
Present Worth = $1,579,627 
I Property Damage 
0 Injuries 
0 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 1.97 
KY 34 (4-Way Stop) Intersection 
Speed = 50 mph 
Vehicles Required to Stop = 3,350 VPD on the Bypass 
= 1,450 VPD on KY 34 
Commercial Vehicles = I 0 Percent 
Time Costs = $27,163 
Operating Costs = $52,982 
Accident Costs = 0 
Total Benefits = $80,145 
Present Worth = $1,112,413 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 1.39 
US 127 Intersection 
Speed = SO mph 
Vehicles Required to Stop = 5,300 VPD 
Commercial Vehides = 10 Percent 
Time Costs = $29,992 
Operating Costs = $58,501 
Accident Costs = 0 
Total Benefits = $88,493 
Present Worth = $1,228,283 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = f .. 54 
KY 37 Intersection 
Speed = SO mph 
Vehicles Required to Stop = 1,000 VPD 
Commercial Vehicles = 10 Percent 
Time Costs = $5,659 
Operating Costs = $ll,038 
Accident Costs = $267 
(Correctable Accidents: 
Total Benefits = $16,964 
Present Worth = $235,460 
I Property Damage) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.29 
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Harrodsburg Road Intersection 
Speed = 50 mph 
Vehicles Required to Stop = I ,000 VPD 
Commercial Vehicles = 10 Percent 
Time Costs = $5,659 
Operating Costs = $11,038 
Accident Costs = 267 
(Correctable Accidents: 
Total Benefits = $16,964 
Present Worth = $235,460 
I Property Damage) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 0.29 
LOCATION Danville Bypass (US 127) 
TOTAL NUMBER OF ACCIDENTS 7 
TYPE OF ACCIDENT 
Rear End 
Right Angle 
Oblique or Sideswipe 
Fixed Object 
Single V ehic1e 
Head On 
Multiple Rear End 
Other 
CONTRIBUTING CIRCUMSTANCES 
Drinking 
Speeding 
Failed to Yield Right of Way 
Ran Stop Sign 
Disregard Traffic Signal 
Followed Too Closely 
Improper Passing 
Improper Turn 
Inattentive 
Failed to Signal 
Other 
ROAD SURFACE CONDITION 
Dry 
Wet 
Snowy or Icy 
Unknown 
LIGHT CONDITIONS 
Daylight 
Dawn or Dusk 
Darkness (Highway not lighted) 
Darkness (Highway lighted) 
Unknown 
2 
I 
1 
6 
1 
3 
6 
6 
WEATHER CONDITIONS 
Clear 
Raining 
Snowing 
Fog 
Cloudy 
Unknown 
5 
I 
I 
SERIOUSNESS OF INJURY 
A 1 
B 
c 1 
K 
u 
0 5 
CORRECTABLE ACCIDENTS 4 
Property Damage 
Injury Producing 
A 
3 
1 
1 
B 
c 
K 
u 
INJURY CODE 
0 
K 
A 
B 
c 
u 
Non injury accident 
Fatal 
Visible signs of injury, as bleeding, distorted 
member, or had to be carried from the scene 
of the accident 
Other visible injury, as bruises, abrasions, 
swelling, limping, etc. 
No visible injury, but complaint of pain or 
momentary unconsciousness 
Injury whose extent is not known 
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EDDYVILLE BYPASS 
Accident Analysis 
Figure 15. Intersection of US 62 (Looking West) 
with KY 93 at Eddyville. 
The study at this location consisted of obtaining 
accident reports at one intersection for a period of 2 
1/2 years (January I, 1969 ·June 30, 1971). The study 
site was a rural intersection of a high-speed main road 
with a crossroad and illustrates the accident potential 
created under such circumstances. US 641 can be 
considered the Eddyville bypass in that it does not go 
through town, and KY 93 is the crossroad which leads 
into Eddyville. 
Of the 20 accidents at this intersection, 14 were 
right-angle accidents. Eighteen accidents (90 percent) 
were classified as correctable, and all of the 33 injuries 
including four fatalities, were the result of correctable 
accidents. Thirteen of the right-angle accidents involved 
vehicles pulling out of the crossroad into the path of 
an oncoming vehicle, and one involved a left-turning 
vehicle. Three of the fatal accidents were right-angle 
accidents; the fourth was an oblique accident. The 
right-angle accidents involved vehicles proceeding out of 
the crossroad into the path of oncoming vehicles. The 
oblique accident involved a vehicle turning left from the 
shoulder lane into the path of an overtaking vehicle. 
The accident rate for this intersection was 342 accid.ents 
per 100 million vehicles. 
The mtersection is adequately signed and has 
flashing beacons. The intersection is not lighted, but 
only two of the accidents occurred at night. There is 
a sight distance restriction from the westerly direction, 
but there is additional signing in this direction, and only 
seven of the 13 right-angle collisions involved vehicles 
coming from this direction. 
All of this indicated the intersection is adequately 
signed and marked, but there is an accident problem 
which continues to exist due to driver error. The only 
method that would solve the problem of right-angle 
collisions would be to physically separate the vehicles 
of the main and side roads by means of an interchange. 
Cost Analysis 
The benefit-cost ratio for this intersection was 
calculated to be 2.33. This clearly indicated an 
interchange would be warranted at this location. The 
number and severity of accidents resulted in this high 
benefit-cost ratio. 
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Cost Calculations 
US 641 and KY 93 Intersection 
Speed = 45 mph 
Vehicles Required to Stop = 2230 VPD 
Commercial Vehicles = I 0 Percent 
Time Costs = $10,922 
Operating Costs = $19,537 
Accident Costs = $104,120 
(Correctable Accidents (2 1/2 years): 
Total Benefits = $134,579 
Present Worth = $1,867,957 
5 Property Damage 
29 Injuries· 
4 Fatalities) 
Approximate Cost of a Simple Interchange = $800,000 
Benefit-Cost Ratio = 2.33 
LOCATION Eddyville (US 641) 
TOTAL NUMBER OF ACCIDENTS 20 
TYPE OF ACCIDENT WEATHER CONDITIONS 
Rear End 3 Clear IS 
Right Angle 13 Raining 4 
Oblique or Sideswipe 2 Snowing 
Fixed Object Fog 
Single Vehicle 2 Cloudy 
Head On Unknown I 
Multiple Rear End 
Other 
SERIOUSNESS OF INJURY 
CONTRIBUTING CIRCUMSTANCES A 13 
B 7 
Drinking I c 9 
Speeding 3 K 4 
Failed to Yield Right of Way 16 u 
Ran Stop Sign 3 0 7 
Disregard Traffic Signal 
Followed Too Closely I 
Improper Passing CORRECTABLE ACCIDENTS 18 
Improper Turn 2 
Inattentive IS Property Damage s 
Failed to Signal Injury Producing 13 
Other A 13 
B 7 
c 9 
ROAD SURFACE CONDITION K 4 
Dry IS 
u 
Wet 4 
Snowy or Icy INJURY CODE 
Unknown I 
0 Non injury accident 
K Fatal 
LIGHT CONDITIONS A Visible signs of injury, as bleeding, distorted 
17 
member, or had to be carried from the scene 
Daylight of the accident 
Dawn or Dusk 2 B Other visible injury, as bruises, abrasions, 
Darkness (Highway not lighted) swelling, limping, etc. 
Darkness (Highway lighted) c No visible injury, but complaint of pain or 
Unknown I momentary unconsciousness 
u Injury whose extent is not known 
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